In October 1984, a symposium on prevention of anaesthetic mortality and morbidity was held in Boston at which two of the authors of this paper were present; one of the outcomes of this meeting was the formation of the 'Anesthesia Patient Safety Foundation', with its regular newsletters.' Included on the agenda of the Boston meeting was the topic of essential monitoring; not surprisingly differences of opinion emerged between the differently structured and funded systems typified by the United States on the one hand and Britain, Australia and New Zealand on the other.
Delegates from the last three felt sufficiently strongly to confer following the meeting, and to issue the following statement: 'It is necessary to discriminate between machine monitoring and patient monitoring. What follow are, in the view of Australian participants, the minimum requirements. I. Machine monitoring: Mandatory at all times is an oxygen supply failure alarm. Mandatory whenever a mechanical ventilator is in use is a disconnect alarm.
Patient monitoring: The only indispensable
monitoring "device" is the presence at all times of an appropriately trained and experienced physician and no amount of apparatus can substitute for this. ' The group statement went on to say: 'As a general rule, the patient's monitoring needs are simpler when the case is brief (many anaesthetics in Australia take less than half an hour, and involve no muscle relaxants), the patient's preoperative condition is ASA I, the surgery is simple and minimally invasive, the environment is optimal, and the anaesthetist is experienced; while needs increase as cases take longer, risk factors are greater, the environment is sub-optimal (e.g. Radiology Department), and -the surgery itself introduces risks of its own, e.g. gas embolism.'
Three years have since elapsed and it is important to review the matter in the light of fresh developments. Notable among these has been the paper entitled 'Standards of Patient Monitoring During Anesthesia at Harvard Medical School? which was editorialised in JAMA3 and later taken up by the American Society of Anesthesiologists. 4 This Standard demands the presence of a member of a recognised category of physician or nurse anaesthetist to be present during all general and regional anaesthesia (with the exception of an epidural block for labour or pain management). It requires blood pressure and heart rate measurements to be recorded at least every five minutes, with some form of continuous clinical or machine monitoring of ventilation and the circulation. Continuous palpation of the reservoir breathing bag and a pulse is considered acceptable, as is continuous auscultation of breath and heart sounds. Oxygen analysers and ventilator disconnect monitors, both with audible alarms, are to be used when anaesthetic machines and ventilators respectively are in use. A means to measure temperature must be readily available. Every patient is also required to have a continuously displayed electrocardiogram from the induction or institution of anaesthesia until being prepared to leave the anaesthetising location. The use of end-tidal carbon dioxide monitoring and pulse oximetry is not mandatory, but it was indicated that this may become so at some stage in the future.
What is the official position in Australia now? The impact of pulse oximeters on the thinking of the anaesthesia community has been substantiaJ,5 and an inexorable increase in litigation has further changed the environment in which anaesthetists practise. 6 In 1984 the Faculty of Anaesthetists updated its policy statement on minimal facilities for safety in operating suites. 7 This specifies that there should be a pulse or ECG monitor in each operating theatre and that an ECG monitor should be available in each operating suite. This implies that pulse meters can be used in each theatre, and that an ECG monitor can be called for if necessary.
The Faculty also requires ventilator disconnection alarms to be available. In each of the cases. the Faculty does not insist that these devices be us~d on all patients. The onus is therefore on institutions and departments to provide certain facilities, but the behaviour of individual clinicians is left to peer review, departmental policy and personal professional judgement. This paper will address minimal and discretionary monitoring standards for both patient and machine. In Australia, the concept of a minimal monitoring standard for all anaesthesia is a new one, and the case for such a standard must be argued.
The need for a minimum standard
There is no doubt that deaths and injuries have occurred which would have been prevented by adequate monitoring. 8 Cases are reported to mortality committees or to medical defence organisations in which, in retrospect, the patient's life or brain would have been saved by the use of straightforward monitoring devices. On some occasions these devices were not available; more often, however, they were, and the anaesthetist had deliberately chosen not to use them.
No amount of rationalisation is likely to convince a court that the anaesthetist was not negligent if it can be shown that: -a relevant monitoring device was available; -the anaesthetist knew it was available;
the anaesthetist chose not to use it; -if it had been used, the patient would probably not have come to any harm. There must, of course, be a connection between the monitor and the nature of the incident for it to fall into the category of 'relevant'. The nexus between failure of gas supply and an oxygen analyser is straightforward. The relevance of an electrocardioscope to a disconnection is arguable. If a medical defence organisation believes that these criteria have been met, it will seriously consider whether the case is defensible, and if not, confine its efforts to the matter of damages.
Every case of this nature, whether it reaches the courtroom or not, adds to the pressure on anaesthetists to accept standards of monitoring which, ifnot set by ourselves, will be determined by persons unfamiliar with the clinical setting. Hence the time for dithering and procrastination is past. Not to settle this issue professionally is to encourage legal absurdities, such as the opinion that not to use a monitor (any monitor) is indefensible, whether its use would have influenced outcome or not. Minimal monitoring standards must be established both for the patient and the apparatus. This issue was specifically addressed at the meeting in Adelaide in May 1987, and the Anaesthesia and intensive Care, Vol. 16, No. 1, Februarr. 1988 recommendations which folllow represent the consensus of that meeting.
Minimal patient monitoring
After very careful consideration there was agreement that, although some continuous monitoring of the cardiovascular and respiratory systems is essential, devices other than the sphygmomanometer and a stethoscope are unnecessary in certain circumstances. On many operating lists there are fit, ASA Class I patients, having brief procedures, breathing spontaneously, in ideal surroundings. For these patients a satisfactory standard of care is the presence of an anaesthetist measuring the blood pressure regularly, carefully observing the reservoir bag or patient's chest, with a finger on the pulse or with a stethoscope on the precordium. It is emphasised that these are minimum requirements and there may be individuals who routinely use a device such as a 'pulse meter' or pulse oximeter.
On the same list there may be patients who are less fit, having longer (or perhaps more invasive) procedures in less ideal circumstances, in whom additional monitoring devices would undoubtedly increase patient safety. There are a number of criteria which separately or together escalate the need for monitoring. They include: denial of access, so that the anaesthetist has difficulty in approaching or remaining in close proximity to the patient; concealment of the patient, so that little if any of the body surface is visible (especially the face and hands); surgical trespass capable of producing major physiological disturbances; pre-existing disease which compromises the patient's oxygen delivery system; manipulation of the processes which normally sustain life, including control of ventilation and blood pressure; prolonged anaesthesia, which may be defined as that which exceeds one hour; -environmental conditions which are suboptimal due to confined space, poor lighting or any other handicap to the anaesthetist's close observation; the extremes of age, body size or weight. The need for an increased level of monitoring in these patients would be satisfied in many instances simply by the use of a pulse oximeter to provide continuous confirmation of satisfactory oxygen delivery at tissue level. This would enhance patient safety and reduce stress and anxiety in the anaesthetist. There may, of course, also be indications to monitor additional parameters such as the ECG, the expired carbon dioxide concentration, the concentration of volatile anaesthetic agent, the neuromuscular junction, and body temperature. Each of these has specific indications and provides valuable information, but none of them provides as comprehensive a safetynet as the pulse oximeter.
Minimal machine monitoring
Machine monitoring is an area in which more precise views have been held for some time; indeed there is now an International Standard for Continuous Flow Anaesthesia Machines,9 in which an oxygen supply failure alarm is mandatory. To this the United States 'standard of care' has for sorde time added oxygen analysis of the delivered gases, and many Australian anaesthetists would be able to recall incidents in which monitoring of the oxygen content of the gas mixture would have prevented a serious incident or even tragedy ..
If the patient is dependent on mechamcal ventilation of the lungs, there was agreement that a reliable mechanism for detecting failure of that ventilation is essential. Whether this is designed as part of the ventilator or is a separate piece of apparatus capable of operating with any mechanical system of ventilation is not important, so long as the system is reliable. A useful analysis of the features and performance of these devices has been carried out by Myerson et at. 10 Machine monitoring of the future might include the regular on-line analysis of volatile agent concentrations, either in the inspiratory or expiratory limb of the breathing circuit, or both. Most would regard such a facility on all machines as a clinical luxury at this time, but there was agreement that strong consideration be given to the purchase of some of these monitors as teaching aids and/or research tools.
Minimum monitoring standardsa summary
The recommendations below refer to minimum standards; individuals or institutions may opt for more extensive routine monitoring, and more extensive monitoring will be required for patients at greater risk, or who are undergoing complex procedures (see above). The recommenda~ions refer to patients undergoing general or regIOnal anaesthesia for diagnostic or therapeutic procedures, and not those simply receiving analgesia (e.g. the patient in the labour ward or intensive care unit).
Minimum machine monitoring
If piped oxygen is to be used there must be adequate oxygen supply failure alarms; if cylinders are to be used there must be a suitable oxygen supply failure alarm fitted to the anaesthetic machine (see the paper by Russell in this issue).
An oxygen analyser fitted with a suitable 'low level' alarm must be continuously available for every patient undergoing anaesth.esia w.hen an anaesthetic machine is in use. ThiS reqUlrement should be satisfied by the beginning of 1990.
A ventilator disconnect alarm should be used whenever a patient is mechanically ventilated.
Minimum patient monitoring
The presence of an anaesthetist is required throughout the anaesthetic. It is accepted that brief absences ofthe person primarily responsible for the anaesthetic may be necessary. In these instances, he or she may temporarily delegate observation of the patient to a medically qualified person judged to be competent for the task. Primary responsibility may be formally handed over to another anaesthetist. during anaesthesia. However, the equipment and patient should be checked, the anaesthetist taking over responsibility should be given all relevant information, and the time of hand-over should be documented on the anaesthetic record.
The circulation must be monitored continuously. A finger on a pulse will suffice; this may be replaced by a pulse meter with an audible pulse signal. An ECG monitor provides additional information and may be indicated in many cases, but does not constitute a minimum standard and does not constitute a continuous monitor of the circulation. Continuous auscultation via a precordial or oesophageal stethoscope is considered to satisfy this requirement for a continuous circulatory monitor.
Respiration must be continuously monitored. Observation of the reservoir bag and the patient's chest are sufficient in a spontaneously breathing patient when uninterrupted observation is possible. If observation is compromised a precordial or oesophageal stethoscope, a capnogram, or a pulse oximeter should be used. A ventilator disconnect alarm is mandatory in a patient receiving mechanical ventilation.
A pulse oximeter should be continuously available for every patient undergoing anaesthesia. A pulse oximeter not only provides continuous confirmation of the adequacy of the circulation, but also confirms on a beat-by-beat basis that tissue oxygen delivery is adequate. No other monitor can provide this vital information. As the purchase of pulse oximeters represents a significant expense, as familiarity with their use will have to be gained, and as special arrangements may have to be made in some instances, it was agreed that the deadline for their availability for every patient undergoing anaesthesia be the end of 1991.
The means to monitor the ECG should be available for every patient undergoing anaesthesia.
The means to measure body temperature over a wide range should be available for every patient undergoing anaesthesia. 
Further recommendations
It is recommended that teaching hospitals and hospitals in which major surgery is to be regularly undertaken should make available the means for continuous end-tidal carbon dioxide analysis, for analysis of anaesthetic agents, for spirometry, for invasive haemodynamic monitoring and for neuromuscular junction monitoring. To support such monitoring equipment some regular program for teaching the principles and proper use of monitoring equipment should be initiated and maintained. Specific indications for the use of additional monitors have been considered in the relevant sections of this issue. A system for the proper maintenance and calibration of devices should also be established; some recommendations have been published by the Faculty,7 and others have been made elsewhere in this issue. Serious consideration should be given in large institutions to the purchase each year of some additional 'stateof-the-art' monitor (e.g. an anaesthetic gas analyser) to enhance teaching, learning and the standard of patient care. It is recognised that medical practice will change and that there will be technological innovations. Participation by as many users as possible in data-pooling and incident-reporting schemes will provide the necessary information for the most useful and costeffective decisions in the future.
